This paper provides an integration of independent component analysis and network slacks-based measure for performance analysis for foreign and domestic banks in Taiwan Independent component analysis was used to reduce data dimensionality of variables for a more discerning data envelopment analysis (DEA) performance evaluation. The authors then adopted performance evaluation structure based on a twostage network model using network slacks-based measure: the production efficiency and the profitability efficiency. This study showed that domestic banks were more efficient than foreign banks in operational performance and production efficiency. The empirical results of the proposed ICA-NSBM model may be used to improve the discriminative ability of the performance evaluation using DEA methodology.
INTRODUCTION
There has been a number of studies on the prevalence of data envelopment analysis (DEA) following the research of (Charnes et al., 1978) . In recent years, researchers have identified differences between single-stage and multi-stage analysis in banking efficiency analysis (Ho and Wu, 2009; Lo and Lu, 2009; Hsiao et al., 2010; Avkiran, 2011; Paradi et al., 2011) . Issues arise from multi-stage efficiency analysis have also drawn much attention in recent literature (Cook et al., 2010) . For instance, Seiford and Zhu (1999) used a two-stage production performance measurement for the U.S. commercial banking system for its profitability and marketability efficiencies. They found there was a differential preference in banking at the operational scale, and by using this new approach, they can better identify new information on improved bank performance. Avkiran (2009) In light of previous researches, we postulated that evaluating multi-stage efficiency of multiple inputs and outputs would serve as managerial tool to pinpoint inefficiencies and potential improvements for maintaining sustainable competitive advantages. Several studies have attempted to tackle the discriminative power issue for the preferable efficiency analysis framework (Adler and Golany, 2001; 2002; Adler and Yazhemsky, 2010) . They deduced that the over-correlated relationship among input or output variables might result in bias of the efficiency measurement and in turn, could provide inappropriate feedback to the slack analysis. Adler and Yazhemsky (2010) explored the effect of principle component analysis (PCA) and variable reduction (VR) on performance evaluation in a simulation process. They demonstrated that PCA provided a more powerful and stable tool than VR in improving discrimination in DEA with minimal loss of observed information.
Independent component analysis (ICA), an extension of PCA, has been used as a feature selection to extract independent factors from a set of observed data without unveiling the mixing structure of unknown resources beforehand (Hyvärinen and Oja, 2000; Zheng et al., 2006) . It aims to remove the mutual information scheme form observed data with little to no discriminatory power, in order to improve the classification of efficient and inefficient decision-making units (DMUs). Kao et al. (2011) studied the ICA approach to further expand the application of DEA. They verified that ICA is another solution to the problem of variables correlation, using data of hospital industry to support the argument. To date, however, there is little literature available on banking performance measurement that integrates ICA with NSBM approach. Our research intends to supplement the literature on this particular issue, using data from the banking industry in Taiwan, and thus to produce a better measurement to evaluate performance of banks in Taiwan.
The purpose of this paper is to determine whether the proposed ICA-NSBM approach can effectively evaluate performance with increased discriminative ability. We used data from Taiwan's domestic banking sector for the empirical analysis. We showed that the results obtained from this ICA-NSBM model provide sufficient information on efficiency, which can then be used to improve performance and supervision direction for the management. In addition, the results of our model are both robust and significant. We asserted that this ICA-NSBM approach is superior to the one without transformation of variables in the NSBM model. Findings in this paper are useful to those who are responsible for performance evaluation in the field of DEA publications.
The rest of the paper is structured as follows: Section 2 introduces the framework of bank performance model. Section 3 presents a review of data for our empirical work. The methodology applied to construct the proposed banking performance model are demonstrated in Section 4. Section 5 reports the empirical results. Finally, Section 6 offers the conclusions.
BANK PERFORMANCE EVALUATION FRAMEWORK
Most of the previous studies have adopted DEA analysis for performance evaluation using in the banking industry (Berger and Humphey, 1997; Seiford and Zhu, 1999; Cooper et al., 2000; Luo, 2003; Fethi and Pasiouras, 2010) . Since the organizational structure has rapidly expanded in accordance with efficiency direction, a single performance evaluation may not serve aggressive management insight well. As such, researches on multi-stage performance evaluation structure have emerged (Ho and Wu, 2009; Lo and Lu, 2009; Avkiran, 2011; Paradi et al., 2011) . This paper adopted the two-stage performance evaluation structure, which is composed of the production efficiency and the profitability efficiency measurements, to assess the operational performance of domestic and foreign banks in Taiwan, as shown in Fig. 1 . The production efficiency evaluation was done in the first stage of the operational performance model and the profitability efficiency evaluation in the second stage, respectively. In the stage of production efficiency evaluation, the model followed a production approach used in previous literature that aimed to measure whether banks utilize input resources to generate relevant outputs as financial service. Fixed assets, operating expense, and equity were defined as specific inputs for production efficiency measurement. For the output variables selection, deposits and loans were used as intermediate outputs from the first stage. Keep in mind that if deposits and loans cannot be effectively exercised, these financial service capacities may not maximize the profit of the bank. The input-output variables used to assess the profitability efficiency evaluation reflected bank managers' objective of profit maximization, which depended on the financial service capacities in the phase of production. Three variables used were: interest revenue, fee revenue, and profit as final output variables for profitability efficiency evaluation. the full definition of input, intermediate, and output variables selected for the two-stage performance evaluation in this paper was described in Table 1 The sum of a business's operating expenses for a specific year Equity
The value of an ownership interest in property, including shareholders' equity in a business Intermediate inputs/outputs
Deposits
It is recorded as a liability for the bank, representing the amount owed by the bank to the customer for a specific year. Loans
Loans are recorded by the amount of outstanding principal, with unearned income excluded.
Outputs
Interest revenue The interest earned by a company during the period indicated in the heading of the income statement under the accrual method. Fee revenue It is mainly derived from service and penalty charges and, to a much lesser extent, from asset sales and property leasing. Examples are deposit and transaction fees. Profit
The residual income of a firm after adding total revenue and gains and subtracting all expenses and losses for the reporting period Taiwan's banking market; they hoped to adapt to Chinese culture in preparation for future business opportunities in China.
According to Lo and Lu (2009) , there was a positive correlation between input and output variables under the basic assumption of DEA evaluation analysis. The correlation matrix for all variables was illustrated in Table 3 . Table 3 demonstrated that there were significant positive correlation relationships among all of these selected variables. Note that the correlations between fee revenue and deposits and loans were relatively low. This could represent a potential opportunity for bank managers to develop aggressive strategy to survive a competitive environment. Yet Kao et al. (2011) pointed out the shortcoming of DEA evaluation analysis: high correlation between input or output variables may affect the weight of variables, thus skewed the results of performance evaluation. They proposed the ICA approach to comb through input variables for independent signals before applying DEA. Following this ICA approach, in our model, we also extended it to intermediate and output variables selections for the two-stage structure of performance evaluation before building the NSMB model. 
METHOD
The methodology used in this paper for performance evaluation in banking industry was an integration of ICA with NSBM. ICA was first developed by Hyvärinen and Oja (2000) to reduce dimensionality of variables for a more discerning DEA performance evaluation. Since Tone and Tsutsui (2009) introduced NSBM, it was also used to construct the banking performance evaluation model with a two stages framework.
Independent Component Analysis
Independent component analysis (ICA), an extension of principle component analysis (PCA), is a useful statistical technique that aims to transform observed variables into independent components (ICs) as linear combinations of underlying latent variables. However, its intention is slightly different from PCA. PCA tries to find out unobserved principle components (PCs) that maximize the variance of the estimated. These independent components are assumed to be non-Gaussian and mutually independent. While the typical ICA model has been widely demonstrated in cases of blind signal separation (BSS) and feature selection in various researches (Shi et al., 2006; Zheng et al., 2006) 
Where A is an unknown mixing matrix and S is a statistically independent latent variables matrix that cannot be directly measured from the observed variable matrix X. The objective of ICA is to estimate the independent component matrix S and the unknown mixing matrix A by finding a de-mixing matrix W. Substituting estimated W for A, the equation can be rewritten as:
The de-mixing matrix W is applied to transform the observed matrix X to generate the corresponding ICs, such that we can obtain an estimation of V in which the vectors are statistically independent. These vectors are called independent components (ICs). ICs can then be used to estimate the latent variables i s .
Network Slacks-Based Measure
Tone and Tsutsui (2009) developed the network slacks-based measure (NSBM) model to deal with intermediate measures directly in a single evaluation procedure. Therefore, we used the NSBM model to evaluate the operational performance of domestic and foreign banks in Taiwan, where the production efficiency and the profitability efficiency evaluation with some linkages. This paper adopted the non-oriented, variable return to scale of the NSBM for bank performance model, where n DMUs (banks) ) ,..., 2 , 1 ( For the free linking constraints (4.2) we assumed that the output of the previous stage was the same as the following stage input. Moreover, since k w is a user-specified weight for each stages, specific contribution of each stage on the operational performance can be identified. we assumed that both the weights of the production efficiency and the profitability efficiency stages were 0.5. In addition to the operational performance measurement, Tone and Tsutsui (2009) 
EMPIRICAL RESULTS AND ANALYSIS

Efficiency Analysis Using NSBM Model
The operational performance of banking industry in Taiwan based on the non-oriented NSBM model, proposed by Tone and Tsutsui (2009) was summarized in Table 4 . As can be shown in the table, the highest average score for the profitability efficiency in the three partitions of sample (all, domestic only, and foreign only) were 0.653, 0.818 and 0.677, respectively. These findings suggested that the bank managers' pursuit of profitability might still be in vain. The average score of production efficiency was 0.703 in the sub-sample of domestic banks, suggesting domestic banks were still trying to find more efficient ways of using assets and/or saving resource. However, this NSBM model simply measured performance with input, intermediate, and output variables without considering the correlated relationship between input and/or output variables. The discriminatory power of the NSBM model (for further evaluation purposes) may also suffer from the correlation problem. 
Efficiency Analysis Using ICA-NSBM Model
Unlike the general NSBM model mention above, the preliminary analysis showed significant correlation among variables, which implied the existence of hidden information. Using the ICA technique, we derived independent components for the input, intermediate, and output variables. We then proceed to build the NSBM performance model. Tables 5-7 summarize the information with which was used to select important ICs for input, intermediate, and output variables for the production efficiency and the profitability efficiency in the following NSBM model.
Initially, there were three original input variables and two output variables for evaluating the production efficiency among banks. Adopting the ICA technique to estimate the independent component using a de-mixing matrix ( W ), , the characteristic of maximization of non-Gaussianity was the criterion for choosing the important ICs (Hyvärinen, 1999 Table 8 and Table 9 summarized the ICA-NSBM model results. The NSBM score was the weighted sum of the performance score from this two-stage evaluation. An operational performance score equal to unity suggested efficient production and profitability, while a value less than 1 indicating inefficiency. Detailed operational performance scores and ranking from the ICA-NSBM model were shown in Table 8 . Note that there were 7 banks, 4 of domestic and 3 of foreign banks, which outperformed and better-ranked than other banks. There were 17 banks, 10 of domestic and 7 of foreign banks, which ranked top 1 in production efficiency. 11 banks, 5 of domestic and 6 of foreign, ranked top 1 in the profitability efficiency. From Table 8 , for those with less than 1 score value, it suggested the managers should try new profit maximization plans as soon as possible. The average overall, the efficiency score of banking industry in Taiwan was only a mediocre 0.559, while the production efficiency score was relatively good.
We used Wilcoxon signed-rank test to demonstrate whether the proposed ICA-NSBM model was significantly different from the NSBM model in evaluating banking operating performance from Table 10 , the Z--values of the two-tailed Wilcoxon signed-rank test for the difference between the ICA-NSBM and NSBM models, we can conclude that our ICA-NSBM model was significantly different than NSBM model. With further discussion on discriminatory power of the two models (Section 5.3), we then argued that ICA-NSBM was a better model than NSBM model.
Banking Performance Management Matrix
The managerial matrix was generated by combining the results of the production efficiency and the profitability efficiency. Using the matrix, it was easy find the benchmark banks as to provide some guidance to improve operational performance, as shown in Fig. 2 . This matrix can be divided into four groups with respect to their relative production efficiency (horizontal) of and profitability efficiency (vertical) from the ICA-NSBM model.
The segmented lines were the mean production score (0.745) and the mean profitability score (0.520), respectively.
From the information of this matrix, combining with results shown in Table 8 , we suggested all Taiwan banks should pay more attention to their resource allocation, and to identify their own competitive advantages.
Furthermore, Figure 2 also the different distributions of corporate-consumer efficiencies obtained from the ICA-NSBM and NSBM models were also illustrated in Figure 2 . The results showed that the proposed ICA-NSBM model yields better discriminatory power than the NSBM model. 
CONCLUSION
This paper incorporated the concepts of variable preprocess and intermediate output for the performance evaluation analysis, and has therefore applied the ICA-NSBM model to assess the operational performance, composited of production efficiency and profitability efficiency, of domestic and foreign banks in Taiwan.
The empirical results were summarized as follow.
(1) Domestic banks have a performed better than the foreign banks in the overall operational performance and the production efficiency score, while foreign banks performed better in the profitability efficiency dimension. The difference could be attributed to that domestic banks had benefited from scale, fund asset, and intermediate function, while the foreign banks had focused on specific service functions like wealth management and fund allocation for senior clients. (2) The proposed ICA-NSBM model showed higher standard deviation and was significantly different from the NSBM model; it provided several useful managerial insights.
We formulated the operational performance of banking industry in this paper based on two-stage evaluation structure consisting of production efficiency and profitability efficiency. Further extension of this paper could focus on the weight of sub-structural evaluation by using analytic network process (AHP). It would render significant parameters on DEA analysis valuable to practical application. Furthermore, the structure of performance evaluation
